The detail steps of LBIC setup
For illumination of the samples, we used laser (Cobolt 06-01, Spectral bandwidth < 1.2 nm) with wavelength 405 nm. The laser beam is focus onto the PSCs surface using a microscope objective lens. Because a shorter focal length lens or microscope objective can be used to achieve higher spatial resolution. [1] [2] [3] The cell was mounted on top of two computer controlled linear stages (TSA30-C, Zolix Beijing China) providing XY positioning of the cell in the XY plane normal to the laser beam with an accuracy of 0.625 microns (μm). We used a 2-axis Motion Controller/Driver (SC300, Zolix Beijing China) to control the stages. The generated photocurrent for each XY position is recorded using electrochemical workstation (CHI, 600D). Actually，during the measurement the spot was immobile. First, the spot falls on the lower right corner of the cell effective area, as scanning starting point and the origin of the axis. Second, the stage moved along the X-axis, while CHI recorded the i-t curve during the moving. Then the stage moved along the Y-axis. Repeated the above steps until the complete scanning of whole cell. 
LBIC and I-V results

Stability test
The laser intensity was selected at the power of 0.1 mW, after it pass through the quartz glass and microscope objective lens the intensity is not determined. But, we are convinced that the laser illumination will not cause any damage during the measurement since long time laser illumination cause no photoresponse degradation, as shown below. Figure S5 i-t curve of the PSCs for 300 seconds when the laser is illuminated on the device. Please do not adjust margins
J-V curves
Please do not adjust margins Figure S6 J-V curves of the n-i-p structure device with different scan direction at scan rate of 6.7 V/s.
